Abstract Selection of the number and location of groundwater quality monitoring wells may require the consideration of different aspects such as: monitoring objectives, temporal frequency of monitoring, and monitoring costs. These aspects were examined using observations of groundwater quality variables made twice a year in 124 wells in the northern part of the Gaza Strip, where groundwater is of the best quality. Considering these features the groundwater quality monitoring network was assessed and redesigned using entropy. The assessment procedure was based on expressing transinformation as a function of distance between wells. It was found that the number and location of groundwater quality monitoring wells varied if these aspects were embedded in the assessment and redesign procedure.
Introduction
Long-term monitoring is essential in surface and groundwater management and for tackling changing environmental issues. In some regions, such as the Gaza Strip, Palestine, a great deal of attention is directed toward groundwater, since it is the only water resource available. In the Gaza Strip there are severe groundwater quality deterioration problems, such as increasing salinity. In developing regions, such as the Gaza Strip, protection and control measures are started by establishing groundwater monitoring networks. The monitoring practices are undertaken for collecting data which might not necessarily be needed or might not provide the information to be sought. As a result, the monitoring network features, such as the spatial distribution of wells, the variables to be observed and the temporal frequency of observation, may not be adequately determined from the network observations. Consequently, these regions may waste a lot of money (Mogheir 2003) .
The definition of the monitoring objectives plays a significant role in defining monitoring network features, such as the number of monitoring wells and the temporal frequency of monitoring (e.g., Loaiciga et al. 1992; Meyer et al. 1994; Cox et al. 1997; Mogheir 2003) . Mogheir et al. (2003c) defined the objective as the determination of regional salinity in the Gaza Strip aquifer and assessed and redesigned the monitoring network accordingly. Only one variable was considered [chlorine (Cl)], as an indicator of salinity, for the assessment and redesign procedure. If the objective of monitoring is changed to include the monitoring of Electrical Conductivity (EC) as an indicator of the total solids in the groundwater, and Nitrate (NO 3 ) as an indicator of the groundwater deterioration due to infiltrated sewage, then the question arises: What are the number and density of monitoring wells required to fulfill this objective? This study attempts to answer this question.
Once the objective of monitoring is specified, the most important features to be defined for assessing and redesigning a groundwater monitoring network are: spatial location of monitoring wells and temporal frequency of monitoring (number of times per year the water quality parameters are to be measured). Several studies have considered network design based only on the assessment of spatial locations (e.g., Rouhani and Hall 1988; Loaiciga 1989; Cressie 1990; Caselton and Zidek 1991; Cox et al. 1997; Bueso et al. 1998) . Therefore, assessment and design based on the temporal frequency of monitoring has been discussed by Quimpo and Yang (1970) , Sanders and Adrian (1978) , Zhou (1996) , among others. Studies combining spatiotemporal monitoring design or redesign are relatively sparse (e.g., Rodriguez-Iturbe and Mejia 1974; Stein et al. 1998) . Temporal frequency of monitoring is important in the design of a groundwater monitoring network. On one hand, by monitoring too often (monitoring per unit time is too high), the information obtained is redundant and therefore a waste of effort, since a large portion of the cost of monitoring is normally related to the temporal frequency of monitoring. On the other hand, by monitoring too little, some important information may be missed and the objective of monitoring may not be met. Thus the question arises: What is the appropriate temporal frequency for monitoring groundwater quality?
Generally, the aim of any monitoring network is to collect needed information with least cost. The groundwater quality monitoring is an expensive, time consuming and uncertain process. In developing regions, such as Gaza Strip, budgets usually are limited and are not able to support such programs over a long period of time.
Therefore, the need to develop cost-effective monitoring programs in these regions has recently received special attention (e.g., ASCE 1990; Patrick et al. 2000; Mogheir 2003) . The cost of monitoring is a major factor that influences the design of the monitoring network. The network design is ultimately combined with the cost of monitoring (e.g., Radford and West 1986; Andricevic 1990; Mahar and Datta 1997) , which may vary from place to place (developing or developed regions).
Entropy theory has been used to evaluate the spatial location, temporal frequency, and the combined spatio-temporal frequency of monitoring networks (e.g., Harmancioglu and Alpaslan 1992; Yang and Burn 1994; Mogheir 2003) . The effect of each feature upon the network efficiency and cost effectiveness was discussed using entropy-based measures. For example, the effect of extending the monitoring interval from monthly to bimonthly measurements for three variables investigated was found to lead to a significant loss of information regarding dissolved oxygen, Cl and EC. The selection of an appropriate temporal frequency of monitoring was made by assessing how much information the decision maker would risk versus the given cost of monitoring. A similar evaluation was made with respect to the number and location of required sampling sites, where changes in the rate of information gain were investigated with respect to the number of stations in the network. Harmancioglu and Alpaslan (1992) combined both spatial and temporal frequencies to assess the variation of information with respect to space and time. These analyses have shown the applicability of entropy in the network assessment.
This study attempts to present a methodology for assessing and redesigning a groundwater quality monitoring network by reducing both the redundant information and the cost of monitoring. To obtain a cost-effective design, the objective of monitoring (what to measure), spatial distribution of monitoring wells (where to measure) and temporal frequency of monitoring (when to measure) were considered. The methodology described here was applied to a case study from the Gaza Strip, Palestine.
Gaza Strip Data
The Gaza Strip has approximately 365 km 2 and is located on the eastern extremity of the Mediterranean Sea (Fig. 1) . It is bordered by the Mediterranean Sea in the West and the Negev Desert and Egyptian Sinai Peninsula in the south. The Gaza Strip area ( Fig. 1 ) has a length of 45 km from Beit Hanon in the north to Rafah in the south. It is divided into five Governorates: Northern, Gaza, Middle, Khanyounes and Rafah. Each Governorate has its own municipal administration.
High concentrations of salinity (Cl) and Nitrate (NO 3 ) in the aquifer are the major water quality problems in the Gaza Strip. In many areas of this region, these concentrations exceed the WHO drinking water standards for Cl (250 mg/l) and NO 3 (50 mg/l). The source of Cl may be: (1) seawater intrusion where it extends inland in the range from 1.0 to 2.5 km; (2) lateral inflow of brackish water (Cl = 500 -2000 mg/l) from Israel in the middle and the southern areas of the Gaza Strip; and (3) the presence of deep brines at the base of the coastal aquifer (Cl = 4 to 6 × 10 4 mg/l), with overpumping resulting in the upconing of this brine. The main sources of NO 3 are fertilizers and domestic sewage effluents (Mogheir 2003) . K h a n y u n e s R a fa h M e d i t e r r a n e a n S e a M e d i t e r r a n e a n S e a N o r t h e r n
In the Gaza Strip, the groundwater monitoring networks are divided according to: (1) groundwater level, (2) groundwater quality, and (3) municipal wells. The groundwater level network measures the groundwater level on a monthly base, using approximately 130 agricultural wells. The groundwater quality network measures three variables: EC, Cl and NO 3 . These measurements are made twice a year using approximately 400 agricultural wells (e.g., Mogheir and Singh 2002) . The third type of monitoring network consists of municipal wells which measure: EC, Total Dissolved Solids, Calcium, Magnesium, Sodium, Potassium, Cl, NO 3 , Sulphate, Alkalinity and Hardness. For this purpose, approximately 100 municipal wells are used. The measurements are made twice a year, once in summer and once in winter. The three networks are used to collect information that describes the groundwater quality and quantity status of the Gaza Strip Aquifer (Mogheir et al. 2003c) .
The Palestinian Water Authority (PWA) considers the Northern Governorate as a priority area to be controlled and protected from pollution, because it has a strategic groundwater reservoir. The best quality groundwater can be found in this area. In this article the groundwater quality monitoring network in the Northern Governorate is used as a case study. Nevertheless, the analyses of these sections can be expanded to cover all the Gaza Strip Governorates. Note that the time series of EC and NO 3 should be screened and checked for the rest of Gaza Strip Governorates before expanding the methodology.
In this study, the number of groundwater quality monitoring wells used in the Northern Governorate was 124 (Fig. 2) . These wells monitor Cl and EC and NO 3 twice a year in the period 1972 to 2000. 
Methodology

Entropy-Based Measures
The assessment and redesign of the location of groundwater quality monitoring wells was first made using Chloride as a variable observed in a number of monitoring wells. That was achieved by characterising the spatial variability of the variable at different locations. The spatial variability was described by means of transinformation as a function of distance between wells (Mogheir et al. 2003a, b) . Transinformation (T) was determined as:
x zi represents the groundwater quality variable (Chloride), where z (z = 1, . . ., Z ) denotes the well identification number and i the time-point along the sample of size n (i = 1, 2, . . ., n), x hj is the value of this variable observed at a distance d (m) away from x zi , where h = z and j = 1, 2, . . ., n, defined in the same probability space, the discrete probabilities of occurrence of both wells are p(x zi ) and p(x hj ), respectively; and p(x zi , x hj ) is the joint probability of x zi and x hj . The joint probability p(x zi , x hj ) was obtained using contingency tables (e.g., Gokhale and Kullback 1978; Mogheir and Singh 2002; Mogheir et al. 2004) , which records the frequency of the values that fall into each possible combination of two categories. The spatial dependency was measured by transinformation as a function of distance between wells (T-Model; Mogheir et al. 2003b ). The exponential decay curve was fitted to the T-Model data. The exponential decay of the T-Model (T(d)) was represented as (Mogheir et al. 2003a, c) :
where T 0 is the initial value of transinformation; K T is the transinformation decay rate; T min is the minimum transinformation value (T min ); and d is the distance between wells. The distance at which the transinformation model approaches a constant minimum value is called the range (L T ). The estimation of the range L T is important for the assessment of the spatial location of the monitoring wells. For an exponential decay curve, T(d) approaches T min asymptotically and, therefore, the L T value is estimated when T(d) is very close to T min as:
where ε is a constant number and its unit is Nats (provided that the used logarithmic base is e) (Mogheir et al. 2003a ). For more accurate computation, one should compute the net transinformation, since the T-Model steadily decreases to a minimum value (T min ) which differs from zero. Practically, that is not accurate, since the minimum Transinformation should be equal zero. Therefore, the Net T is computed as:
The wells were assessed using the percentage of the Net Redundant Information (% NRI) between wells as (Mogheir et al. 2003c ):
The maximum NRI available in the network was computed according to the minimum distance existing between two wells. In such a case the NRI value indicates further steps required for redesigning the location of wells in the monitoring network, either by reducing the number of wells when available wells have distances more than the minimum and less than the designed distance or expanding the monitoring network, when the available wells have distances greater than the designed distance and in this case NRI is minimum. The number of wells was reduced by superimposing a square a × a m 2 over the monitored area and selecting one well per square block in a stratified way (e.g., Mogheir et al. 2003c) . Then, the recommended grid size was obtained as:
Cost-Informativeness Analysis
It is desirable that the cost of monitoring be reduced to meet the stated objectives. For estimating the cost of monitoring, it is necessary to determine all the resources and associated costs required to ensure the collection of information-rich data. Generally the cost of monitoring is subdivided into:
1. The cost of monitoring vehicle (Cost V ) which includes the cost of used fuel and the maintenance of vehicle; 2. cost of laboratory analyses (Cost L ); and 3. cost of the salaries of monitoring staff (Cost S ) which includes the cost of collecting the samples, data handling, and interpretation.
Therefore, the estimated cost of monitoring is computed as:
where Cost M is the cost of monitoring in US$ per well, Cost V is the operational cost of monitoring vehicle, Cost L is the cost of laboratory analyses per well and Cost S is the salary of monitoring staff per well. Therefore, the total cost of monitoring is computed as:
where, Cost Total is the total cost of monitoring for any number of wells. The costinformativeness relation was obtained by plotting the net redundant information percentage computed by Eq. 4 against the total cost of monitoring computed by Eq. 8. This section was tailored for the case of the Gaza Strip. The detailed computation of the cost of monitoring in the Gaza Strip is shown in Section 4.2.
Multi-Objective Approach
The methodology presented in Section 3.1 was tested by changing the objective of monitoring and the temporal frequency. The monitoring network was redesigned and the cost-effective relation was obtained by considering different objectives of monitoring and temporal frequency. For example, the approach of Section 3.1 was examined for the case of monitoring EC, NO 3 and Cl. It was also tested by increasing the temporal frequency of monitoring to once a year and once every 2 years.
Applications
Spatial Assessment and Redesign for One Variable (Chloride)
The above methodology was applied to the Northern Governorate of the Gaza Strip where the existing groundwater quality monitoring network comprises 124 wells. Figure 2 shows the location of these wells, which monitor salinity in the Gaza Strip aquifer and are operated by the Ministry of Agriculture. The analysis was applied to Cl for the years 1972 to 2000 on a bimonthly basis. Cl was considered as an indicator of the salinity in the Gaza Strip aquifer.
The T-Model for Cl was obtained by computing the T values using Eq. 1 and the distance between wells. The exponential decay curve was fitted to the T-Model data using the least square technique. The T-Model of Cl in the Northern Governorate is expressed as
Equation 3 was used to determine the value of L T . In this equation ε is considered to be small and equals 0.0001 Nats. Under these conditions, the L T value of the TModel in the Northern Governorate was selected at the point where the T-Model asymptotically reached the distance axis. Therefore, Table 1 shows parameters (T 0 , T min , K T and L T ) of the exponential decay of the T-Model in the Northern Governorate.
The minimum existing distance between wells in the Northern Governorate was found to be less than the L T value. The minimum distance was 48.8 m. Then, the maximum redundant information (net), which was computed using Eq. 5, equalled 85%. This indicates that the location of the existing monitoring wells in the Northern Governorates needs redesigning by reducing the number of wells. The reduction was based on the criterion that a minimum redundant information should be allowed between wells. This amount of redundant information may be decided by the decision maker. To overcome this issue, the designer may provide several scenarios from which the number and location of wells that give the minimum redundant information in the network can be selected.
Based on the assessment of the spatial location of wells, it was found that the spatial location of existing monitoring wells was inadequate and significant redundant information existed. Therefore, a systematic network should be determined and should offer less redundant information. The existing monitoring wells should be reduced to allow a minimum NRI percentage. That was achieved by considering the T-Model parameters, specifically T min and L T . The redesign criterion was to select the distance between wells, which gave the minimum NRI.
The superimposition approach was used to redesign the monitoring wells by specifying different scenarios based on specified grid sizes. For each Governorate, four scenarios were evaluated using different grid sizes (500, 1,000, 1,500 m and a distance D = a computed from Eq. 6). In each scenario, a regular square grid was superimposed over the monitored area and one well per square block was selected in a stratified pattern. Different scenarios gave different design outputs: percentage of NRI (using Eq. 5) and percentage of reductions in wells. The four scenarios for the Northern Governorate are presented in Table 2 .
The fourth scenario is the recommended or the best-found scenario. This was achieved by selecting the distance between wells equal to L T . For example, from L T , which was estimated to be 2,705 m, a regular square grid 958 × 958 m was specified using Eq. 6. The network in the Governorate was then reduced by superimposing the square pattern over the monitored area and selecting one well per square block in a stratified way. The existing network was reduced by 60%. The NRI was 23%, which was not reduced fully, since the minimum distance between wells is 428 m. There are areas where the distance is greater than L T and such areas need additional monitoring wells. These wells can be selected from those agricultural wells that have not been used for monitoring before or from those agricultural wells which are used for monitoring but have some missing data.
Cost-Informativeness Analysis
The cost of monitoring is a major factor that influences the design of the monitoring network. This cost may vary from place to place (developing or developed regions). Table 3 includes the cost of monitoring items for the Gaza Strip. This table has been compiled in collaboration with the PWA. As shown in the table, the overall cost of monitoring items is converted to the cost of monitoring per well. The cost of monitoring in the Gaza Strip includes:
• The operational cost of the monitoring vehicle which includes the cost of fuel and the cost of maintenance of the vehicle. According to the PWA, the existing number of monitoring wells (124) is sampled over a two-month period. An average of eight wells are sampled daily. The total distance covered in order to monitor every day eight wells is approximately 30 km. The total amount of fuel required for completing the daily monitoring activities is around 3 l. Given the cost of fuel in Palestine, which is 0.67 US$/l, the estimated fuel cost per well is 2.01 US$. The maintenance cost per well was computed by considering the yearly maintenance cost of 700 US$ (This cost is indicated by the PWA.). Therefore, the daily maintenance cost is 1.92 US$ and the maintenance cost per well is 0.23 US$ (Metcalf and Eddy 2000) .
• Estimation of the monitoring cost is only made for Chloride, since the laboratory test cost per sample for Chloride is about 10 US$ and for Nitrate 15 US$. A discount percentage can be applied to the cost of laboratory analyses if the number of monitoring samples is increased. Consequently, the total cost of monitoring per well will decrease.
• The monitoring staff includes: one monitoring engineer, two technicians, and two engineers for data processing and reporting. The estimated cost of the salary of the monitoring staff (US$/well) was made based on a 2-month period and 124 wells. Table 4 summarizes the assessment and the redesign outcomes for the Gaza Strip area under the scenarios described above and the cost of monitoring for each scenario. The total cost of monitoring under the four scenarios is computed using Eq. 7. The net redundant information percentage is plotted against the total cost of monitoring in Fig. 3 , which shows that, under the assumption used, there is a linear relationship between the cost of monitoring and the redundant information which is available in the monitoring network. Increasing the amount of redundant information permissible increases the cost of monitoring. If the recommended scenario is considered in which 23% of redundant information is still available in the monitoring network, the cost of monitoring will then be reduced to around 1500 US$. Therefore, since the monitoring is done twice a year, the Palestinian Water Authority will save around 4700 US$ for measuring one groundwater quality variable (Cl) in the Northern Governorate, if the recommended scenario is implemented.
Multi-Objective Monitoring Assessment and Redesign
T-Models were obtained for Cl and EC and NO 3 variables and fitted to the exponential decay curve as described in Section 3.1. The exponential decay of the discrete T-Models for the three variables (Cl, EC and NO 3 ) were plotted in Fig. 4 . The fitting of the exponential decay curve to the discrete model was performed using the least squares fitting procedure with GRAPHPAD PRISM3 statistical software (Motulsky 1999) . The coefficient of determination (R 2 ) was used to quantify the goodness of fit between the exponential decay curve and discrete model data for the three variables. Table 5 shows that R 2 for Cl, EC and NO 3 were 0.45, 0.28 and 0.43, respectively. In Fig. 4 and for EC curve, the discrete values are scattered since R 2 is low, however for the sake of comparison with the remaining two variables (Cl and NO 3 ) the exponential decay curve of EC can be acceptable. Note that R Table 5 . In this table, the L T values are obtained using Eq. 3 and considering the value of ε equal to 0.0001 Nats. The same assessment approach, which was presented in Section 3.1, was also followed for Cl, EC and NO 3 variables. For these three variables, it was found that the minimum distance between existing monitoring wells is less than the range (L T ) in the T-Model of each of the variables. Therefore, the monitoring network should be reduced. Equation 5 was used to compute the grid size, which is used to select the wells required to monitor Cl, NO 3 and EC, based on the minimum redundant information.
To make the maximum use of existing wells, the redesign of the multi-objective monitoring network, using the superposition approach, was performed as follows:
1. The first step was to select the monitoring network for the Cl variable, since the grid size (a) for the Cl variable is greater than for EC and NO 3 (see Table 5 ). Note that the same group of wells which is recommended in Section 4.1 is also suggested to monitor Cl in this section. 2. Since the difference in the grid size for EC and NO 3 is only 30 m, the same wells were used to monitor both EC and NO 3 . The wells recommended to monitor Cl are checked to verify if they were suitable also to monitor EC and NO 3 by changing the grid size to 870 m (this grid size is used for NO 3 and EC). As the difference between the grid size for Cl and EC is about 88 m, there are many wells that can be used to measure the three variables at the same time. However, there are some wells that might be suitable to measure Cl only and other wells are more convenient to measure EC and NO 3 . This judgment is based on: the closer the well to the center the better to measure the variable. 3. The third step is to deal with empty areas. It is recommended to cover these areas by adding new wells either to be selected from the existing monitoring network or new wells to be constructed. To reduce the complexity of monitoring the three variables and keeping in mind that the differences between grid sizes are small, the new wells are postulated to monitor the three variables. The empty areas close to the border with the Gaza Governorate are to be considered after performing the analysis of wells in the Gaza Governorate. About 500 m from the eastern border of the Northern Governorate were considered as a military zone and the monitoring activities are therefore forbidden.
Accordingly, the multi-objective monitoring wells can be classified into four groups: (1) wells to measure only Cl; (2) wells to measure EC and NO 3 ; (3) wells to measure the three variables together (Cl, EC and NO 3 ); and (4) new wells to be added to monitor the three variables. The number of wells was eight wells in the first group, 12 wells in the second group, 41 wells in the third group, and ten wells in the forth group. The total number of wells which is recommended to monitor Cl was 49, while the total number to monitor EC and NO 3 was 53 wells. Therefore, the reduction percentage of wells, which are recommended to monitor Cl, EC and NO 3 
Spatial-Temporal Monitoring Analysis
Analysing the temporal frequency of monitoring by the T-Model reflects the serial dependency in the time series of the data. In this section, the influence of the temporal frequency of monitoring Chloride on the parameters of the T-Model and consequently the design outcomes were tested. Transinformation as a function of distance was computed for all the wells in the Northern Governorate (124 wells) at different temporal frequencies (once a year in winter, once a year in summer, every 2 years in winter and every 2 years in summer) using the discrete approach. An exponential decay curve was fitted to the discrete T-Model data for each temporal frequency. Table 6 shows parameters of the T-Model for each temporal frequency. Note that L T values were computed using Eq. 3 and assuming the value ε equal to 0.0001. The exponential decay of the Transinformation Model (T(d)) of each temporal frequency is also shown in Fig. 6 . The initial transinformation (T 0 ), the minimum transinformation (T min ), the redundant information (T 0 − T min ) and the range in the T-Model (L T ) at different temporal frequencies are shown in Fig. 7 . This figure infers that decreasing the temporal frequency (increasing the time span of monitoring) decreases the amount of redundant information in the monitoring network. In addition, it also reflects the influence of the size of the time series. If the temporal frequency decreases, the size of the time series also decreases and consequently the serial transinformation (dependency) will decrease as well. The serial Transinformation can affect the design of the monitoring network (number of wells). Figure 7 reveals that for the Northern Governorate wells, if the temporal frequency decreases, the L T value decreases and the number of wells will be greater than that in the recommended scenario, where the temporal frequency was twice a year. In both curves, the information related to the four times per year temporal frequency (monitoring every 3 months) is extrapolated. From Fig. 8 it can be seen that increasing the temporal frequency of monitoring decreases the number of monitoring wells. However, increasing the temporal frequency increases the cost of monitoring, since in estimating the cost of monitoring (Eq. 6), the number of monitoring per year (temporal frequency) influences the cost of monitoring per well. It means that the combination of temporal frequency and spatial location design (spatial-temporal design) indicates that decreasing the temporal frequency requires increasing the number of wells. The decision for selecting the best design options should also consider the cost of monitoring. If the number of wells, temporal frequency and cost of monitoring are considered in the design procedures, one may refer to the two curves in Fig. 8 . These curves show that the recommended temporal frequency of monitoring can be twice per year, the recommended number of monitoring wells is 49 and the cost of monitoring is around 3000 US$. If the temporal frequency is selected as four times per year then the number of wells will decrease to 43 wells and the cost of monitoring will be around 5500 US$. It was indicated that the cost of monitoring is more affected by the temporal frequency than by the number of wells (refer to Section 4.2). For example, the cost of monitoring can be reduced to around 1500 US$ if the temporal frequency is selected as one time per year. However, in the Gaza Strip, the recommended temporal frequency can be twice per year to monitor salinity in the aquifer. This temporal frequency is reasonable to investigate the overabstraction of groundwater in summer and effect of the rainfall recharge in winter.
In drawing this conclusion, the net redundant information was also included, since increasing the temporal frequency increases the redundant information (Fig. 3) . In this case, the redundant information percentage was reduced to 23%. This conclusion is only valid for the present situation with the monitoring cost described in Section 4.2.
Conclusions
A methodology for assessing and redesigning the groundwater quality monitoring network is postulated as a major element of this study. The net redundant information percentage was used as the criterion in the assessment stage, which revealed whether the available information is redundant, too little or enough.
The groundwater quality monitoring network in the Northern Governorate was assessed and redesigned. The Chloride data, collected over the period 1972-2000 from 124 groundwater monitoring wells in the Northern Governorate, were used in the analysis. The assessment and redesign methodology, which was based on applying entropy, can help to monitor the groundwater quality (salinity) in the Northern Governorate aquifer at a more spatially uniform level, eliminating the redundant information and consequently reducing the cost of monitoring.
The cost-effectiveness or informativeness analysis was accomplished by computing the cost of existing monitoring in the Northern Governorate and relating that to the percentage of redundant information in the monitoring network. The analysis showed that increasing the percentage of the redundant information increases the cost of monitoring.
A multi-objective design analysis showed that the entropy-based approach can be effectively applied for monitoring different variables, such as EC and NO 3 (indicators of other pollutants). In the Northern Governorate, the reduction in the percentage of wells recommended for monitoring Cl, EC and NO 3 was 48%.
The effect of the temporal frequency on the design outcomes was analyzed. It was observed that for the Northern Governorate groundwater quality monitoring wells, decreasing the temporal frequency would require increasing the number of wells. The decision to combine the spatial distribution and the temporal frequency as well as the associated minimum cost are transmitted to the decision-maker.
The approach used in the current article should be compared to other statistical approaches and optimization approaches in order to investigate the differences in terms of advantages and disadvantages. This is part of ongoing research by the authors.
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